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(54) Apparatus and method for controlling duty ratio for cooling fan associated motor of vehicle 



(57) A cooling fan which cools both an engine cool- 
ant radiator and an air conditioner refrigerant condenser 
is revolved by a motor whose duty ratio is controlled so 
that the sum (T1) of the torque (Til) required for a gen- 



erator to drive the motor and the torque (Tc1) required 
to drive a compressor of the air conditioner is minimized 
while satisfying a control demand (X,Y) for a coolant 
temperature (Tw) and a refrigerant pressure (P). 
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Description 

Field of the invention 

[0001 ] The present invention relates generally to con- 
trolling apparatus and. method for controlling a duty ratio 
for a cooling fan associated motor (hereinafter, also sim- 
ply referred to as a fan motor) of an automotive vehicle, 
particularly, relates to the controlling apparatus and 
method for controlling the duty ratio of the cooling fan 
associated motor of an engine cooling radiator and a 
condenser of a vehicular air conditioner. 

Description of the related art 

[0002] A Japanese Patent Application First Publica- 
tion No. Heisei 1 1 -229876 published on August 24, 1 999 
exemplifies a previously proposed automotive vehicle 
cooling system having a cooling fan associated motor 
to cool a radiator and a condenser of a vehicular air con- 
ditioner through the cooling fans to cool a radiator of an 
engine and a condenser of the air conditioner. 
[0003] Pulse Width Modulation (PWM) is carried out 
by detecting a refrigerant pressure of the air conditioner 
and a coolant temperature and calculating a duty ratio 
of the cooling fan in accordance with the coolant tem- 
perature and the refrigerant pressure. 
[0004] However, since, in the above-described Japa- 
nese Patent Application Publication No. Heisei 
1 1 -229876, the duty ratio control for the motor is carried 
out with only the coolant temperature and performance 
of the air conditioner taken into account, fuel consump- 
tion of the whole vehicle often becomes worsened de- 
pending upon a situation of a motor operation. 
[0005] In addition, since the cooling fan associated 
motor is constituted by two or more cooling fans and as- 
sociated motors, a beat tone is often developed in ac- 
cordance with individual product difference or fan profile 
difference when two or more motors are controlled at 
the same frequencies. 

[0006] It is, hence : an object of the present invention 
to provide controlling apparatus and method for control- 
ling a duty ratio of each cooling fan associated motor of 
an automotive vehicle. 

[0007] According to one aspect of the present inven- 
tion, there is provided a method for controlling a cooling 
fan associated motor at a pulse duty ratio, the cooling 
fan being revolved by the cooling fan associated motor 
to cool a radiator of a vehicular engine coolant and a 
condenser of a refrigerant of a vehicular air conditioner, 
the method comprising: controlling the duty ratio for the 
cooling fan associated motor in such a manner that a 
sum of a torque required for a generator to drive the 
cooling fan associated motor and a torque required to 
drive a compressor of the air conditioner is minimized 
while satisfying a control demand for a coolant temper- 
ature and a refrigerant pressure. 
[0008] According to another aspect of the present in- 
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vention, there is provided an apparatus for controlling a 
cooling fan associated motor at a pulse duty ratio, the 
cooling fan being revolved by the cooling fan associated 
motor to cool a radiator of a vehicular engine coolant 

5 and a condenser of a refrigerant of a vehicular air con- 
ditioner, the apparatus comprising: a controller to control 
the duty ratio for the cooling fan associated motor in 
such a manner that a sum of a torque required for a gen- 
erator to drive the cooling fan associated motor and a 

10 torque required to drive a compressor of the air condi- 
tioner is minimized while satisfying a control demand for 
a coolant temperature and a refrigerant pressure; and 
a driver to drive the cooling associated motor at the duty 
ratio. 

15 [0009] This summary of the invention does not nec- 
essarily describe all necessary features so that the in- 
vention may also be a sub-combination of these de- 
scribed features. 

20 BRIEF DESCRIPTION OF THE DRAWINGS: 

[0010] Fig. 1 A is a schematic circuit block diagram of 
a vehicular cooling system to which a preferred embod- 
iment of a cooling fan associated motor controlling ap- 

25 paratus is applicable. 

[0011] Fig. 1 B is a schematic circuit block diagram of 
a fan motor controller and an engine controller shown 
in Fig. 1A. ' 
[0012] Fig. 2A is a characteristic graph of a map rep- 

30 resenting a relationship between a duty ratio for the 
cooling fan associated motor and a refrigerant pressure. 
[0013] Fig. 2B is a characteristic graph of a map rep- 
resenting a relationship between the duty ratio and a 
coolant temperature. 

35 [0014] Fig. 3 is a characteristic graph of a map repre- 
senting the duty ratio and a generator current. 
[0015] Fig. 4 is a characteristic graph of maps repre- 
senting relationships between the generator's torque 
and generator current with engine speed as a parame- 

40 ter. 

[0016] Fig. 5 is a characteristic graph of maps repre- 
senting a torque of a compressor and duty ratio with the 
engine speed and outer temperature as parameters. 
[0017] Fig. 6 is an operational flowcharter explaining 
45 an operation of the cooling fan motor controller shown 
in Fig. 1A. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

50 

[0018] Reference will hereinafter be made to the 
drawings in order to facilitate a better understanding of 
the present invention. 

[0019] Fig. 1A shows a schematic circuit block dia- 
55 gram of a vehicular cooling system to which a cooling 
fan duty ratio controlling apparatus in a preferred em- 
bodiment according to the present invention is applica- 
ble. 
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[0020] An engine speed sensor 1 3 and a coolant tem- 
perature sensor 14 are connected to an engine control- 
ler 12 to control an engine operation of an engine 11. 
The engine speed sensor 13 detects an engine speed 
and the coolant temperature 1 4 to detect an engine cool- 
ant temperature. 

[0021] An engine coolant of the engine 11 is cooled 
with a radiator 15 which is arranged within an engine 
compartment. A condenser 16 of the air-conditioner A/ 
C is disposed in a vehicular forward/rearward (longitu- 
dinal) direction together with the radiator 15. 
[0022] A cooling fan couple 17(1 7a, 1 7b) is associat- 
ed with each corresponding motor at a rear side ot the 
vehicle. The condenser 16 and radiator 15 are cooled 
in accordance with outside air and the cooling fan couple 
17 (17a, 17b). 

[0023] This cooling fan couple 17 is controlled by 
means of a control unit 1 8. The control unit 1 8 includes: 
a motor fan controller 1 9; and a pair of PWM drivers 20 
(20a, 20b) connected across each of the fan associated 
motors 17 (17a, 17b). 

[0024] The motor fan controller 1 9 is connected to en- 
gine controller 1 2 to read the engine speed Ne and cool- 
ant temperature Tw. Apressure sensor 21 and an outer 
temperature sensor 22 are connected to fan motor con- 
troller 19 to read a refrigerant pressure of an air condi- 
tioner and to read an outer air temperature outside the 
vehicle. 

[0025] The fan motor controller 19 calculates a duty 
ratio to control a drive of fan motor couple 1 7 (1 7a t 1 7b) 
and outputs the calculated duty ratio to corresponding 
PWM driver 20 (20a, 20b). 

[0026] To calculate the duty ratio, use is made of pre- 
viously prepared maps of a map representing a relation- 
ship between the duty ratio (%) and a pressure of the 
refrigerant for one motor (1 7a, 1 7b) shown in Fig. 2A, a 
map representing the relationship between the duty ra- 
tio (%) and the coolant temperature shown in Fig. 2B, a 
map representing a relationship between the duty ratio 
of the motor fan and a power generating current of the 
power generator shown in Fig. 3, a map representing 
the relationship between the power generating current 
of the power generator and the torque thereof shown in 
Fig. 4, and a map representing the relationship between 
the power generating current of the power generator 
shown in Fig. 4 and a torque of a compressor. 
[0027] The PWM driver couple 20 drives the corre- 
sponding fan motor 1 7 with a battery voltage as a power 
supply upon receipt of an output of fan motor controller 
19. A battery 23 charges via regulator 25 with an AC 
power generator 24 driven by an engine. 
[0028] It is noted that Fig. 1 B shows an internal circuit 
block diagram of fan motor controller 1 9 and engine con- 
troller 12 and, as shown in Fig. 1B, fan motor controller 
1 9 includes a microcomputer having a CPU 1 9a(Central 
Processing Unit), ROM 19b(Read Only Memory), RAM 
19c(Random Access memory), an Input Port 19d, an 
Output Port 1 9e, and a common bus. Engine controller 



12 includes the microcomputer having a CPU 12a, a 
ROM 1 2b, a RAM 1 2c, an Input Port 1 2d, an Output Port 
1 2e, and a common bus in the same manner as fan mo- 
tor controller 19. 

5 [0029] Next, Fig. 6 shows an operational flowchart 
representing control flow with the fan motor controller. 
The control operation in accordance with the flowchart 
shown in Fig. 6 is executed whenever an engine ignition 
switch is turned on and the engine is started. 

10 [0030] At step 1 01 , fan motor controller 1 9 reads the 
engine speed Ne and the outer temperature Temp from 
engine controller 12. 

[0031] At step 1 02, fan motor controller 1 9 checks to 
see if a power switch of the air conditioner is turned to 
15 ON or OFF. 

[0032] If A/C ON (yes), namely, the air conditioner is 
being operated.at step S102, the routine goes to step 
S103. 

[0033] If A/C is turned to OFF (No), namely the air 

20 conditioner is not operated, the routine goes to step 1 1 6. 
[0034] At step 103, fan motor controller 19 reads re- 
frigerant pressure from refrigerant pressure sensor 21 . 
[0035] At step 1 04, fan motor controller 1 9 reads cool- 
ant temperature Tw from engine controller 12. 

25 [0036] At step 1 05, fan motor controller 1 9 calculates 
a first command value X of a duty ratio for cooling fan 
associated motor 17(1 7a, 1 7b) to satisfy a demand to 
the performance of the air conditioner using a map rep- 
resenting a relationship between the refrigerant pres- 

30 sure and duty ratio of fan motor shown in Fig. 2A. 

[0037] In Fig. 2A, the map shows such a characteristic 
that the duty ratio is constantly at about 30 % when the 
refrigerant pressure is equal to or below P1 , the duty 
ratio is raised in proportion to the refrigerant pressure 

35 from P1 to P2, and a constant duty ratio of 1 00% is con- 
tinued when exceeding P2. 

[0038] At step 1 06, fan motor controller 1 9 calculates 
a second command value Y of a duty ratio for the fan 
motor to satisfy the demand to the coolant temperature 
40 Tw using a map representing the relationship between 
the coolant temperature and duty ratio of the motor fan 
shown in Fig. 2B. 

[0039] In Fig. 2B, the map shows that such a charac- 
teristic is set that the fan motor is not driven, with the duty 

45 ratio set to 0 %,when the coolant temperature is equal 
to or lower than T1 , the duty ratio is raised in proportion 
to coolant temperature Tw when the coolant tempera- 
ture Tw ranges from T1 (T1 exclusive) to T2, and duty 
ratio of 1 00 % is continued constantly when Tw > T2. 

50 [0040] At step 1 07, fan motor controller 1 9 compares 
first command value X with second command value Y 
to determine if X ^ Y 

[0041] If first command value X is larger than second 
command value Y (X ^ Y)(Yes) at step 1 07, the routine 
55 goes to step 108. 

[0042] If X < Y (No) at step 107, the routine goes to 
step 109. 

[0043] At step 108, fan motor controller 19 sets first 
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command value X to a first target value D1 of duty ratio 
of fan motor 17(D1 = X). 

[0044] At step 109, fan motor controller 19 sets the 
second command value to a second target value D2 of 
duty ratio of the fan motor. That is to say, if the duty ratio 
for command values X and Y which is larger than the 
other from among first and second command values X 
and Y, the fan motor can satisfy the demand of both cool- 
ant temperature and performance if the air conditioner. 
[0045] At . step 1 1 0, fan motor controller 1 9 calculates 
a power generation current 11 of power generator from 
first target value D1 using the map representing a rela- 
tionship between the duty ratio of the fan motor and pow- 
er generating current of the power generator shown in 
Fig. 3. 

[0046] In Fig. 3, the map shows such a characteristic 
that the power generation current at its duty ratio re- 
quired to drive the fan becomes large. 
[0047] At step 11 1 , fan motor controller 1 9 calculates 
a torque Tit of the power generator from power gener- 
ator current 11 using the map representing the power 
generating current of the generator shown in Fig. 4 and 
the torque. 

[0048] In Fig. 4, the map shows such a characteristic 
that, at a predetermined engine speed (namely, the rev- 
olution speed of the power generator), the torque re- 
quires to generate the current of the power generator in 
proportion to the magnitude of the power supply current 
of the power generator and prepared for each engine 
speed. 

[0049] At .step 11 2, fan motor controller 19 calculates 
a torque Tc1 of compressor using a map representing 
the duty ratio of the fan motor and torque of the com- 
pressor shown in Fig. 5. The map shown in Fig. 5 rep- 
resents the relationship between the duty ratio of the fan 
motor 1 7 and the torque of the compressor when the 
condenser is cooled by means of the fan motor driven 
at the duty ratio. As the duty ratio becomes large, the 
required torque is decreased. Such amap as described 
above is prepared for each combination of the engine 
speed and outer temperature. At step 1 13, a total of gen- 
erator's torque Ti1 and compressor's torque Tc1 is set 
to T1. 

[0050] At step 1 1 4, fan motor controller 1 9 calculates 
second target value D2 of the fan motor duty ratio such 
that a sum (total) of the generator 1 s torque and com- 
pressor' s torque becomes minimized with the operation 
states of the generator and compressor taken into ac- 
count. 

[0051] In Fig. 4, the map shows such a characteristic 
that, at a predetermined engine speed (namely, the rev- 
olution speed of the power generator), the torque re- 
quires to generate the current of the power generator in 
proportion to the magnitude of the power supply current 
of the power generator and prepared for each engine 
speed. 

[0052] At step 1 1 2, fan motor controller 1 9 calculates 
a torque Tc1 of compressor using a map representing 



6 

the duty ratio of cooling fan associated motor 1 7 and 
torque of the compressor shown in Fig. 5. 
[0053] The map shown in Fig. 5 represents the rela- 
tionship between the duty ratio of the fan motor and the 

5 torque of the compressor when the condenser is cooled 
by means of the fan motor driven at the duty ratio. As 
the duty ratio becomes large : the required torque is de- 
creased. Such a map as described above is prepared 
for each combination of the engine speed and outertem- 

10 perature. 

[0054] At step 113, a total of generator torque Ti1 and 
compressor torque Tc1 is set to T1 . At step 1 1 4, fan mo- 
tor controller 19 calculates second torque value D2 of 
the fan motor duty ratio such that the total of the gener- 
is ator's torque and compressor's torque becomes mini- 
mized with the operation states of the generator and 
compressor taken into account, 

[0055] At step 1 1 4, fan motor controller 1 9 calculates 
second torque value D2 of the fan motor duty ratio such 
20 that the total of the generator's torque and compressor's 
torque becomes minimized with the operation states of 
the generator and compressor taken into account. 
[0056] Specifically, with the duty ratio of the motor fan 
varied gradually from first target value D1, generator 
25 current 12 of the power generator is calculated in the 
same manner as step 110 and, thereafter, torque Ti2 of 
the power generator is calculated in the same manner 
as step 111 and torque Tc2 of the compressor is calcu- 
lated in the same manner as step 112. 
30 [0057] Then, after total of T2 between Ti1 and Ti2 is 
calculated, the duty ratio of the fan motor when T2 < T1 
is derived. The duty ratio when T2 is minimized is set to 
a second target value D2. At step 115, fan motor con- 
troller 1 9 compares first target value D1 with second tar- 
35 get value D2. 

[0058] If second target value D2 is equal to or larger 
than first target value D1 , the routine goes to step 119. 
If second target value D2 is smaller than first target value 
D1 (D2 < D1) at step 115 (No), the routine goes to step 
40 120. 

[0059] At step 1 1 9, fan motor controller 1 9 outputs the 
duty ratio of D2 to PWM driver 20 (20a, 20b). In this 
case, since the load torque imposed on the engine is 
minimized and the duty ratio (namely, D2) of fan motor 
45 17 which does not affect a performance of the air con- 
ditioner is used, operation states of the power generator 
and compressor are minimized. 

[0060] At step 1 20, fan motor controller 1 9 outputs the 
duty ratio of D1 to PWM driver 20 (20a, 20b). 
so [0061] It is noted that control unit 18 drives the two 
fan motors 17 (17a, 17b) at mutually different frequen- 
cies when the fan motor is controlled at the duty ratio of 
D1 and D2. 

[0062] It is also noted that control unit 18 drives two 
55 fan motors 1 7 (17a, 17b) at mutually different frequen- 
cies when the fan motor is controlled at the duty ratio of 
D1 or D2. 

[0063] On the other hand, if the power switch of the 
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air conditioner is turned to OFF at step 1 02 (No), motor 
fan controller 19 reads coolant temperature Twfrom en- 
gine controller 12. 

[0064] At step 1 1 7, motor fan controller 1 9 calculates 
second command value Y from coolant temperature 5 
read at step 116. It is noted that since the air conditioner 
switch is turned to OFF, first command value X is not 
calculated. 

[0065] At step 118, second command value Y is set 
to first target value D1 . As described above, since the 10 
air conditioner switch is turned to OFF, second target 
value D2 with the operation states of the compressor 
taker, into account Is net calculated. 
[0066] Thereafter, the routine goes from step 118 to 
step 1 20. It is noted that after the execution of step 119 15 
or step 120, the routine returns to step 101 and the 
present control is repeated. 

[0067] In this embodiment, steps 1 03 and 1 05 consti- 
tute first command value calculating means, steps 1 04 
and 1 06 constitute second command value calculating 20 
means, steps 107 through 109 constitute by first target 
value setting means, steps 110 through 114 constitute 
second target value setting means, and steps 115, 119, 
and 120 constitute duty ratio determining means. 
[0068] In the preferred embodiment described above, 25 
the total of the power generator torque and compressor 
torque is minimized while the demand to the coolant 
temperature and air conditioner performance satisfied. 
Since two fan motors 1 7 (1 7a, 1 7b) are controlled at dif- 
ferent frequencies, the fan motor controller can prevent 30 
a beat tone from being developed depending upon the 
individual difference between the respective motors and 
difference in the fan profiles. 

[0069] The entire contents of a Japanese Patent Ap- 
plication No. 2000-138979 (filed in Japan on May 11, 35 
2000) are herein incorporated by reference. Although 
the invention has been described above by reference to 
certain embodiment of the invention, the invention is not 
limited to the preferred embodiment described above. 
[0070] For example, although , in the preferred em- *o 
bodiment, the number of fan motors 17 are two, the 
number of fan motors may be one or three or more. Al- 
though, in the preferred embodiment, the engine speed 
Ne and coolant temperature Tw can be read through en- 
gine controller 12, fan. motor controller 19 may directly 
be read thereat. A stream of control by fan motor con- 
troller 1 9 is not only limited to the case of the preferred 
embodiment in which the operation is advanced in ac- 
cordance with the flowchart of Fig. 6 but also may be 
such that the sequence of steps 104 and 1 05 is reversed so 
and that the sequence on the calculations of first com- 
mand value X based on pressure refrigerant and of sec- 
ond command value Y based on coolant temperature. 
[0071] Modifications and variations of the embodi- 
ments described above will occur to those skilled in the 55 
art in the light of the above teachings. 
[0072] The scope of the invention is defined with ref- 
erence to the following claims. 



Claims 

1. A method for controlling the duty ratio of a cooling 
fan associated motor (1 7a; 1 7b) for revolving a cool- 
ing fan to cool a vehicular engine coolant radiator 
(1 5) and a vehicular air conditioner refrigerant con- 
denser (16), the method comprising controlling the 
duty ratio in such a manner that the sum (T1 ) of the 
torque (Ti1) required for a generator (24) to drive 
the motor (17a;17b) and the torque (Tc1) required 
to drive a compressor of the air conditioner is min- 
imized while satisfying a control demand for a cool- 
ant temperature (Tw) and a refrigerant pressure (P). 

2. Apparatus for controlling the duty ratio of a cooling 
fan associated motor (1 7a1 7b) for revolving a cool- 
ing fan to cool a vehicular engine coolant radiator 
(1 5) and a vehicular air conditioner refrigerant con- 
denser (16), the apparatus comprising: 

a controller (1 9) to control the duty ratio in such 
a manner that the sum (T1) of the torque (Ti1) 
required for a generator (24) to drive the motor 
(1 7a;1 7b) and the torque (Ti1 ) required to drive 
a compressor of the air conditioner is minimized 
while satisfying a control demand for a coolant 
temperature (Tw) and a refrigerant pressure P; 
and 

a driver (20a;20b) to drive the motor (1 7a;1 7b) 
at the controlled duty ratio. 

3. Apparatus as claimed in claim 2, wherein the con- 
troller (1 9) comprises: a first command value calcu- 
lating section (105) that calculates a first command 
value (X) of the duty ratio in accordance with the 
refrigerant pressure (P); a second command value 
calculating section (106) that calculates a second 
command value (Y) of the duty ratio in accordance 
with the coolant temperature (Tw); a first target val- 
ue setting section (1 07-1 09) that sets one of the first 
and second command values (X,Y) which is larger 
than the other as a first target value (D1 ) of the duty 
ratio; a second target value setting section 
(110-114) that calculates the sum (T1) of the gen- 
erator drive torque (Ti1) and the compressor drive 
torque (Tc1 ) and sets a value of the duty ratio which 
minimizes the sum (T1) as a second target value 
(D2); and a duty ratio determining section 
(1 1 5,11 9,120) that determines a final duty ratio from 
the larger of the first and second target values (D1 , 
D2); and wherein the controller (19) controls the 
motor (17a; 17b) in accordance with the final duty 
ratio. 

4. Apparatus as claimed in claim 3, wherein the first 
command value calculating section (105) calcu- 
lates the first command value (X) on the basis of a 
first map representing a relationship between the 
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refrigerant pressure (P) and the duty ratio; the sec- 
ond command value calculating section (106) cal- 
culates the second command value (Y) on the basis 
of a second map representing a relationship be- 
tween the coolant temperature (Tw) and the duty 5 
ratio; and the second target value setting section 10. 
(110-114) calculates the generator drive torque 
(Ti1) on the basis of third maps representing rela- 
tionships between the duty ratio and the generator 
current and between the generator current and the 
generator drive torque and calculates the compres- 
sor drive torque (Tc1 ) on the basis of a fourth map 
representing a relationship between the duty ratio 
and the compressor drive torque. 

5. Apparatus as claimed in claim 4, wherein the first 
map has such a characteristic that when the refrig- 
erant pressure (P) is lower than a first predeter- 
mined value (P1), the duty ratio has a constant val- 
ue less than 50%, preferably about 30%, the duty 20 
ratio increases in proportion to the refrigerant pres- 
sure (P) when the refrigerant pressure exceeds the 
first predetermined value (P1) but is lower than a 
second predetermined value (P2); and the duty ra- 
tio has a constant value 1 00% when the refrigerant 25 
pressure (P) exceeds the second predetermined 
value (P2). 



10 



15 



axis of the corresponding one of the motors (17a, 
1 7b) and being directed at the radiator (1 5) and the 
condenser (16), which are juxtaposed and which 
are both cooled by the cooling fan. 

Apparatus as claimed in claim 9, wherein the driver 
(20a,20b) drives the motors (17a,17b) at the same 
duty ratio and at mutually different frequencies. 



6. Apparatus as claimed in claim 4 or 5, wherein the 
second map has such a characteristic that the duty 
ratio has a value of zero when the coolant temper- 
ature (Tw) is lower than a third predetermined value 
(T1); the duty ratio increases In proportion to the 
coolant temperature (Tw) when the coolant temper- 
ature exceeds the third predetermined value (T1) 
but is lower than a fourth predetermined value (T2); 
and the duty ratio has a constant value of 1 00% 
when the coolant temperature (Tw) exceeds the 
fourth predetermined value (T2). 

7. Apparatus as claimed in any of claims 4 to 6, where- 
in the third maps comprise a map having such a 
characteristic that the duty ratio increases in pro- 
portion to the generator current, and a map having 
such a characteristic that the generator drive torque 
increases in proportion to the generator current, for 
a given engine speed (Ne). 



30 
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40 
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Apparatus as claimed in any of claims 4 to 7, where- 
in the fourth map has such a characteristic that, for 
a given compressor revolution speed and a given 
temperature outside the vehicle, the required 
torque of the compressor decreases as the duty ra- 
tio increases. 

Apparatus as claimed in any of claims 2 to 8, where- 
in there are a plurality of motors (1 7a,17b) and cool- 
ing fans, each cooling fan being attached to a rotor 
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